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Abstract 

Tlie SERT II spacecraft) launched in 1970 ( has 
been maintained in an operational, but intermittent- 
ly active status since 1971. Periodic thruster sta- 
tus has been reported while waiting for normal orbit 
precession to return the spacecraft to continuous 
sunlight in 1979. Now, the thruster has been oper- 
ated for 600 hturs in tlm first quarter of 1979. 
Thruster startup and operation in 1979 is unchanged 
after 9 years in space. The ion thruster was gim- 
balcd and used to maintain spin stabilization of the 
spacecraft. Minor components of the spacecraft have 
fulled, but have not interfered with the functional 
status of the spacecraft. 

Introduction 

The Space Electric Rocket Test II (SERT II) 
spacecraft was launched in February 1970 with a goal 
of demonstrating long-term operation of an ion 
thruster system in space. Thruster 1 was operated 
for 5-1/2 months and then thruster 2 was operated 
for 3 months. Cl) Each thruster operation was term- 
inated by a high-voltage grid short. In 1973, new 
goals were added for the still functional SERT II 
spacecraft: (1) demonstration of thruster restart- 

ability after long space storage; (2) study of fac- 
tors limiting thruster restarting; (3) demonstra- 
tion of the space lifetime of chruster system com- 
ponents, such as, propellant feed systems, closed- 
loop control systems, insulator shields, and powe** 
processor units; (4) measurement of main solar array 
degradation after years of space exposure; and 
(5) verification of the compatibility of the space- 
craft systems with sustained thruster efflux. Pro- 
gress towards these goals was made in 1973 with the 
demonstration of over 112 restarts of each thrus- 
ter. <2) 

In 1974, the high-voltage short of thruster 2 
was cleared and full operation of thruster system 2 
was restored when the spacecraft was placed into a 
spin-stabilized mode. In the 1974 to 1978 period, 
testing to the 1973 goals was continued, and the ad- 
ditional goal of periodic full operation of thruBt- 
er 2 was added. C3>4) Steady-state operation for 
more than 1 hour par orbit during 1973 to 1978 was 
prohibited by loss of solar array power due to a 
shadow period occurring each brbit revolution. 

Natural precession of the SERT II orbit has now 
brought the spacecraft back Into long periods of 
continuous sunlight (1/79 to 4/79 and 8/79 to 8/80) 
and steady-state testing is feasible. The 1979 test 
goals Include all those of 1973 and, in addition, 
the following: (1) to demonstrate the steady-state 

operation of on ion thruster system 9 years after 
launch, (2) to measure and compare the performance 
of this aged thruster with that of a new thruster, 
and (3) long term operation of the ion thruster sys- 
tem to determine its life- limiting factor. In 
meeting the 1979 goals, the ic.i thruster was used to 
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increase the spacecraft spin rate to maintain space- 
craft attitude stability. (Prior to 1979, spin rate 
waa maintained by cold gas jets.) At the some time, 
a direct thrust measurement was obtained for the Ion 
thrus :er. 

This paper contains the results of the January 
to April, 1979 steady-state testing of thruster 2 
for 599 hours, the continued restart tests of 
thruster 1 (its internal short remains), and a re- 
port on the general Btatus of all spacecraft sys- 
tems including the main solar array. The results 
of neutralizer cross-coupling and bias experiments 
concurrently conducted in 1979 are contained in a 
companion paper. (5) 

Apparatus and Procedure 
SERT II Spacecraft 

Figure 1(a) is an artist's drawing of the 
SERT II spacecraft. A detailed description may be 
found in the literature. 6) The spacecraft was 
launched in 1970 Into a 1000-km, circular near- 
polar (99° inclination) sun synchronous orbit. Ref- 
erence 7 describes the spacecraft gravity gradient 
orientation from launch to 1973, nnd the need to 
spin stabilize aftur 1973. Natural orbit preces- 
sion resulted In an initial continuous sun period, 
lasting until the end of 1971. Partial shadowing 
of the orbit occurred from 1972 through 1978. Con- 
tinuous sun again occurred from January 9, 1979 to 
April 11, 1979, and Is predicted at this writing 
(June 1979) to occur from August ]979 to August 
J.9B0. The spacecraft battery reached end of life 
before 1973, nnd the mly spacecraft power source 
now is the solar array. 

The basic spacecraft structure is nn Agena ve- 
hicle with a fold-out solar array mounted off tho 
aft rack and two ion thrusters mounted on a forward 
deck as shown in figure 1(h). Although never do- 
designed to be spin stabilized, the spacecraft has 
been spun about an axis perpendicular to the plane 
of the solar arrays. Presently the spin axis iB ap- 
proximately perpendicular to the orbit plane. A 
mechanical analysis of the solar array structure in- 
dicates that buckling of solar array supports may 
cause uncontrolled distortion of array panels at n 
spin rate in excess of 6 to 9 rpm. Therefore, the 
spin rate of tho spacecraft has been limited to 
6 rpm or less. Stability .*,as been demonstrated at 
spin rates of 0.3 rpm. Periodic spinup is required 
to make up for natural damping forces which result 
in a spin rate loss in the range of 1 to 6xio^ 
rpm/day. Tho cause of damping has not been ana- 
lytically modeled, but the despin rute appears to be 
a function of the spin magnitude and the spin axis 
direction. 

The attitude of the spacecraft has been deter- 
mined by the roll-offset of the Agona horizon scan- 
ners. The spin rate has been measured by both tho 
pitch-horizon crossing of the scanner and by tho 
automatic gain control (AGC) signal level variations 
from tracking station receivers. 
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Thu performance and degradation of Clio solar 
array, as well ns a status of spacecraft systems, 
is presented in the Results and Discussion section. 

S KRT II Ion Thruster Sys t ews 

Tlie two identical flight thruster systems have 
teen described in the literature^ and only that 
description baaring on the results of this report 
will be brolfly repeated. Figure 2 is a cutawny 
drawing of one thruster. Each mercury ion bombard- 
ment thruster is 15 cm iu diameter, operates at a 
nominal 1 kW and produces 28 mN (6-3 mlb) of thrust 
at 250 mA boa 1 " of 4200 second specific impulse. In 
addition to the 250 mA beam set point there are ..ct 
points available for operation at 200 and 85 mA 
beam. The screen voltage is unregulated and is pro- 
portional to solar array voltage. The nominal 4200 
second specific impulse is produced by 3000-volt 
screen voltage at 60-vult solar array voltage (See 
solar array Appendix for circuit diagram.) Thi 
screen and accelerator supplies are protected 
against current overloads and briefly turn off (0.1 
sec) if the screen (beam) current exceeds 300 mA or 
if the accelerator current exceeds 50 mA. This 
amount of off time (0.1 sec) is usually enough for 
an arc Co clear itself. The power processor unit 
(called "power conditioner" on SERT II) was designed 
to operute with a minimum input voltage of 48 volts. 
Input voltages below 48 volts cause automatic turn 
off of the power processor unit and requires ground 
commands to restart. 

Results and Discussion 
Thruster 2 Operation 

Thruster 2 operated for 599 hours during the 
period of January 22 to April 5, 1979. Table 1 
lists each of the nine test segments and twelve 
starts that were made in accumulating the total of 
599 hours. The thruster was operated at a nominal 
85 mA beam current except for 26 hours, during which 
time it was operated at u beam current of 200 mA. 
Operation was attempted several times at 250 mA boom 
current, but insufficient power was available from 
the nntutnlly degraded solar arrays to permit this 
operation. Table 2 lists representative values for 
thruster 2 operating parameters during preheat, pro- 
pellant and beam operation for periods from 1970 to 
1979. 

As can be seen from Table 2, thruster 2 elec- 
trical performance is nearly identical after a 
9-year time span for all operating ronges tested. 
Minor differences fall within telemetry uncertainty 
or are the results of known sec point changes. 

Tlie gimbals on thruster 2 were positioned to 
offset the thrust vector from the spacecraft cunter 
of gravity and produce a torque which increased the 
spacecraft span rate. Knowing the gimbnl position 
and measuring the spin rate increase enabled a value 
of thrust to be determined. Appendix A deiives nn 
equation for this calculation and presents a discus- 
sion of the gimbul system. 

Figure 3 is a plot of the spacecraft spin rate 
during the first part of 1979. The horizontal por- 
tions of the data plot nrp periods when the ion 
thruster was off. A slight loss of Spain rate dur- 
ing these periods was due to natural damping forces. 
ThruBting began on day 22 and was concluded on day 
95. When the thruster was on, the spin rate shows 


a positive slope. This slope is proportional to 
the thrust magnitude and the sine of the girabal 
nngle (appendix A). Sections of figure 3 with near- 
ly vertical decreasing spin rate values correspond 
to the use of on-board gas Jets to reduce the spin 
rate. This was done to keep the spin race below 
6 rpm and prevent structural damage Co tlie solar 
array. 

The slope of figure ) I'r run 5 resulted in a 
computed 'hrust value of 10.0 millincwtons (mN) at 
85 mA bean current. Thin value was within tele- 
metry uncertainly (data accurncy) cf the thrust 
value calculated from electrical parameters of 
9.8 mN. The thrust value measured in 1979, when 
compared to the 1970 250-mA beam current darn, 
agrees within data accuracy of the thrust measure- 
ments (±321). Table 1 gives individual values of 
beam current and voltage, test segment hours, and 
gimbnl nngle for each of the nine thrust-producing 
test segments. The conclusion of the thruster per- 
formance data of figure 3 nnd Table 1, is that there 
has been no change in thrust level or efficiency of 
the thruster system in the 9 years since launch. 

At the time of the SERT II launch, 1970, the 
life-limiting factor of the thruster system was be- 
lieved to be erosion of the main cathode orifice. (D 
Such erosion enlarges the orifice and permits more 
propellant to flow through the cathode. Tills in- 
creased flow tends to increase the discharge cur- 
rent. A life limit occurs when the discharge supply 
current limit is readied. In-flight cathode erosion 
was less than experienced in ground tests and was 
never n life-limit factor in flight thruster opera- 
tions. This was one of the basic results fround in 
1970. ^ ’ Operation of thruster 2 for 599 hours in 
early 1979, resulted In no change of the main dis- 
charge current. Thus, the enrlier result of low, 
in-flight, csthode orifice erosion is also true for 
thruster operation at the throttled level of 85 raA 
beam current. 

Thruster 2 Starting 

Thruster 2 wns started successfully 12 times 
during the first part of 1979 and never failed to 
start when attempted. The starting times and hentcr 
values are listed in Table 3 for the entire history 
of the thruster from 1969 to 1979. As can be seen 
in Table 3, the starting times in 1979 arc nearly 
identical with those of 1970. The longer starting 
times between 1973 do 1977 are due to coaler initial 
thruster temperatures caused by partial orbi l eclip- 
ses during that time period. 

In addition to easy starting, the heater elec- 
trical values show little or no deterioration after 
230 restarts and 2930 hours of vaporizer/ cathode op- 
eration. For the first start attempt of 1979, start 
number 219, the traditional starting procedure was 
followed. That procedure consisted of one orbit 
106 min) of preheat followed by one orbit of propel- 
lant (discharge only) before turning on the H.V. 
beam. Based on the quick stnrts of 1973 to 1978 
perioas and on a practical desire to reduce starting 
cycle times, a shortened starting procedure was 
adopted for the balance of the 1979 starts. This 
shortened starting procedure called for 20 minutes 
of preheat (to warm up propellant manifolds) fol- 
lowed by 5 minutes of propellant (to stabilize the 
vaporizer control loop) before turning on the H.V. 
beam. 
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Tins SERT il thruster system was designed to 
tout tho steady-atnte lifetime capability of an ion 
thruster. Quick starting was not a requirement and 
tho thermal response of the propellant food system 
is Blow due to relatively heavy metal parts and 
small heaters. Rovortheleso > the modified starting 
procedure comes close to that desired (15 min) for 
present cyclic ion tlu’ustar systems, and indicates 
that with proper design this startup time should bo 
mot. Minimum startup time Is desired for cyclic ion 
thruster systems to maximize propellant efficiency, 
and minimize electrical energy requirements. 

The only starting difficulty occurred during 
run 2 (Table 1) when the discharges lit properly, 
but due to a ground command problom, the 11. V. beam- 
on command was sent at a non-optimum time, whan tho 
vaporizers were unstable. Thu resulting beam cur- 
rent produced by the thruscor exceeded tho power 
capability of the solar array. A power conditioning 
undorvoltage turnoff then occurrod automatically 
when the array voltage dropped below AS volts. 

Thruster 2 Arcing 

Table 1 gives the number of high-voltugc re- 
cycles or urcing that occurrod during the 599 hours 
of early 1979 operation. A total of only eight arcs 
was logged; this rate is considerably lower than 
;hnt experienced In 1970. In 1970, the mean period 
between arcs was 6 hours , with several periods of 50 
hours und one of 150 hours with no arcing. Thu prob- 
able cause of reduced arcing in 1979 was oparution 
at lower beam currents (85 versus 250) w’itb n cor- 
responding lower buildup of condensed sputter metal 
on the accelerator grids to initiate arcs. 

Runs X, 3(b), 5, and 9 were terminated when a 
high-voltage urc occurred and tho power conditioner 
experienced an undarvoltngo shutdown. Mien an arc 
occurs accelerator current reaches its trip level of 
50 mA and initiates an arc rucycle sequence. The 
main vaporizer, screen (beam), und accelerator sup- 
plies are turned off for 0.1 second. For a single 
arc event the thermal time constant of the vaporizer 
is long enough to ignore the effect of tho vaporizer 
supply turnoff. With the high-voltage supplies off 
(V5 and V6) , few ions are be .ng extracted from the 
discharge chamber. When the high voltages are re- 
established at the end of the ''blink-off" cycle an 
overshoot of beam current occurs above the desired 
beam Betpoint. This overshoot of beam current re- 
turns to desired levels within 10 milliseconds as 
the excess ions are depleted. To prevent the normal 
beam overshoot at turnon from initiating another re- 
cycle the trip la not enabled until 0.01 sucond af- 
ter high voltages ure turned on. this allows suffi- 
cient time for the ovornhoot condition to return to 
below trip levels. The beam trip set point io 300 
mA. Tbo degruded solar array is incapable of supply- 
ing sufficient stendy-stntu power to meet this de- 
mand and will cause the solar array voltage to drop 
below 48 volts tripoff point of die power conditioner. 
The authors believe that runs 1, 3(b), 5, und 9 were 
shut down by overpower demand following an urc and 
subsequent beam overshoot upon recycling of the 11. V, 
power supplies. If the beam overshoot is not too 
high, tho power supply input capacitance may supply 
enough temporary power to avoid overloading the so- 
lar array. 

On runs 1 and 8, Table 1, the arc clearing cir- 
cuit cycled without causing undorvoltage shutdown. 

On runs 4, 6, and 7, the power conditioner went 


through an undervcltaga shutdown duo to intontlouul 
test procedures which placed an oxcassivo load on 
tho solar array. For tests 8, 10, end 12, the tost 
wna terminated by planned ground command. 

Tost 11 was unique. One objective of test 11 
was a quick 11. V. turnon before discharge ignition to 
meusuro II. V. leckuga current with no beam or dis- 
charge on. No leakage was measured, thus confirm- 
ing the design of thruster 11, V, insulators. How- 
ever, after 1-1/2 minutes of tills condition, a grid 
short appeared. Its characteristics were consistent 
with and similar to those grid shorts in 1970 that 
terminated boom extraction. After continuous over- 
load recycles for 2 minutes an overload Integrator 
abut the system down. Presumably a web of grid ma- 
terial had shorted aercas the grids. A second at- 
tempt to turn CA II. V, resulted in similar arcing, 
and this state wan permitted Co continuu (by disab- 
ling the overload integrator) for 1 hour with no 
change. 

In an attempt to clear the short, the thruster 
wos restarted in n cold stato, whore thermal differ- 
ential contraction might result in bronking off of 
the shorted web fragment. The attempt was success- 
ful und when H.V. was applied to a cold thruster, 
tho short was cleared. Subsequently, thruster 2 ron 
for 49 hours and was commanded off with no problem. 
It was turned off bocausn Che spacecraft orbit was 
approaching tho calendar time of partial orbit sha- 
dowing which was tho planned end of this test per- 
iod. 

Thruster 1 Restarts 

Thruster 1 was restnrtod 13 times between Jan- 
uary 17 und May 22, 1979. Koprusentlng starting 
times and heater values are listed In Table 3. The 
same ..turting results were found for thruster 1 us 
for thruster 2, that is, similar starting times as a 
function of the initial temperature state of the 
thruster, and little or no chungc In heater resis- 
tances. On several occasions the H.V. wus applied 
to thruster 1 with no chungo in tho existing grid 
short. Tho discharges of thruster 1 were turned on 
for 172 hours during the above period to supply a 
space plasma for performing croas-nentrallzlng ex- 
periments reported in a companion paper. (5) 

Neutralizer 1'roncllunt Tanks 

Each neutralizer propellant tank was equipped 
with a transducer to measure the gas (80I N2, 201 Kr) 
presaure in tho blowdown volume. Knowing the gas 
volume and temperature, and measuring the pressure 
rate of change, enables a calculation to be made af 
tho neutralizer mercury propellant flow rate. Fig- 
ure 4 is a plot of the pressure change with vapori- 
zer operating hours for the neutralizer of system 2. 
Thu pressure reading was constant to 1570 hours be- 
cause radiated thruster bent caused the gas pressure 
rise beyond tho transducer maximum range. At 1570 
hours the pressure indicated a drop of one telemetry 
count. Thereafter theru was a drop of one count ap- 
proximately ovory 110 hours until the grid short oc- 
curred at 2980 hours In 1970. From day 78, 1971 to 
day 22, 1979 approximately 50 hours of vaporizer 
flow occurred, but the pressure decayed 4,0 N/cm 2 
(5.8 psia). The excess decay, 4.0 N/crn 2 was assumed 
to bo a gaa leak to spaco. The pressure lost oyer 8 
years corresponds to a low leak rate of 1.7*10“' 
cm-Vhr (STP). 



In 1979, thruster nout'allzer vaporizer was op- 
erated for 602 hours and the pressure decayed from 
37.2 6o 33.0 N/cq2, The calculated flow rate for 
1970 was 27 uA average equivalent flou of mercury, 
and for 1979 was 37 mA. The higher flow rate meas- 
ured In 1979 Is in agreement with laboratory tests 
In which higher neutralizer flow rates were required 
at the throttled beam {1979) as compared to full 
beam (1970). The es , ima ted pressure at which the 
tank will be empty is 27.2 h'/cm^ and will occur af- 
ter an additional operating time of 11001200 hours. 
Approximately 35 percent of the original mercury 
propellant remains. The leak rate of gas Is minor 
and will not be a factor in limiting clu flou of 
mercury. A surplus of gas of 22.2 N/cm^ will exist 
If the propellant is exhausted in 19B0 or earlier. 
The Integrity of the design is presently verified 
for a period of over 9 years In space. 


Backup Attitude Control System - This cold gas 
system is fully functional with about 50 per- 
cent of the gas remaining. 

Secondary Experiments 

-Beam probes - one fully functional, the 
second is partially functional 

-Reflector erosion experiment - fully 
functional 

-Miniature electrostatic accelerometer - 
not functional 

-RF1 experiment - pot functional 
Selected Component Operating Time 


The plot of neutralizer propellant tank pres- 
sure for Byatem 1 la similar to chat of figure 4 and 
1 b not presented. The apparent leak rate of this 
tank for the same period of 1971 to 1979 is 1,5x10“^ 
cm-Vhr, and is also of no concern. Approximately 35 
percent of the original mercury remains in the tank. 

Solar Array Performance 

Performance of the SERT II solar array has been 
reported in the past.^’"' The data obtained during 
continuous thruster operation during the first quar- 
ter of 1979 has provided an update of the array sta- 
tus, Because operation was continuous, and not in- 
termittent ns during previous testing periods (1974 
through 1978), a higher degree of accuracy exists 
for the current data. Figure 6 shows a plot of the 
projected radiation degradation and data points ob- 
served during this and previous operating periods. 

As shown, the degradation is following the projected 
trend, but is consistently a few (3 to 5) percent 
less than projected. Array degradation being less 
than expected .indicates no significant contamination 
from spacecraft sources including ion thruster oper- 
ation. 

Additional detail on tho solar array character- 
istics can be found in appendix B. 

Spacecraft Systems Status 

The extended operation of the SERT II space- 
craft has been possible because no critical space- 
craft failures have occurred with an orbit operation 
now in its 10th year. A brief summary of current 
subsystem status follows: 

Thermal - Passive, except for P/C heaters, 
still provides component temperatures within 
original limits. 

Power - Battery failed only after it exceeded 
its lifetime, all other power system components 
(inverters, regulators...) performing normally. 

Data - One subcommutator has failed resulting 
in the loss of 60 out of the 1200 data chan- 
nels. Several of the channels affected were 
redundant on other telemetry channels. One of 
two tape recorders has failed. 

Attitude Control System - Four control moment 
gyros (CMG's) and horizon scanners fully func- 
tional. 


The operational hours on selected components 
are given in the table below. The total orbitol 
life of SERT II satellite Co date is approximately 
63,000 hours. A history of SERT II operations is 
given In figure 6. 


Operational* 

hr 

Component 

64 , 000 

Command system, switching 
mode regulators, and com- 
mand receivers 

26,000 

Dntn system 

25,000 

Battery charger (turned off 
when buttery failed) 

25,000 

Transmitter 1 

21,000 

Main inverter 

20,500 

CMC's 3 and 4 

14,000 

Transmitter 2 

10,000 

Standby inverter 

6,000 

CMC’ s 1 and 2 

4,100 

Power conditioner 1 

3,000 

Power conditioner 2 

650 

Horizon scanners 


Conclusions 

The SERT II spacecraft orbit has precesaed suf- 
ficiently, In 9 years since launch, that the space- 
craft again is in continuous sunlight. This sun- 
light provides continuous solar array power for 
thruster operation. During the first quarter of 
1979, thruster 2 waB operated for nearly 600 hours 
at 85 mA beam current. The performance of the 
thruster was found to be unchanged in the 9 years 
since launch. Restarting was also normal during 12 
restarts. The thrust of the Ion thruster was used 
to spinup the spacecraft to maintain spacecraft at- 
titude control, and in doing so, an additional mea- 
surement of thrust was achieved. This thrust meas- 
urement showed no change from the values obtained 
In 1970. The solar array degradation was measured 
and found Co be slightly less than predicted, thus 
Indicating no additional degradation due to space- 



crafc sources or Ion thruster efflux. The opacc- 
ersft remains functional and has only experienced 
ninur failures of two secondary experiments , a bat- 
tery, one sub commutator (60 of 1200 data channels) 
in the telemetry system, and the loss of one of two 
tape recorders. Approximately 35 percent of the 
neutralizer propellant remains mid additional test- 
ing of the thruster systems Is planned when the 
spacecraft regains continuous sunlight in the Aug- 
ust 1979 to August 1980 period. 

Appendix A - Spacecraft Angular Acceleration 

and Thruster Cimbal System 

Figure 7 is a line drawing of the SERT II space- 
craft. The spacecraft 1 b spin-stabilized about an 
axis perpendicular Co the paper and running through 
the center of gravity. Both ion thrusters are loca- 
ted such that their thrust vector nominally passes 
through the spacecraft center of gravity. The 
thrust vector can be gimballed, ±10° about the nom- 
inal thrust vector. Referring to figure 7, the 
clockwise angular acceleration about the center of 
gravity is given by the equution: 

Angular K Force • distance • sin 0 
acceleration Spin axis moment of inertia 

where 

Force ■ thrust of ion thruster 

“ 2,04*10 ^ ■ (lj) ■ i|/v^"+""2Q newtons 

Ij is beam current, amperes 

V 5 is Bcreen (beam) voltage, volts 

(beam divergence and multiple ion Iosb is 
less than 11 and is neglected) 

Distance " distance from thruster gimbal mount to 

spacecraft center of gravity, 3.04 meters 

9 “ gimbal angle, degrees 
Moment of inertia of spacecraft about spin axis *» 

2 

10,970 kg-meters 

For an 85-mA beam current ut 3000 volts, Che 
thrust is 9. 5*10” 3 newtons. Using a gimbal angle of 
+10° (as shown in fig. 7) reuults in a calculated 
angular acceleration of 4. 6*10“ 1 radians/sec^ or 
0.38 rpm/day. The natural decay rate of the space- 
craft varies with spin rate end is (2 to 8)xlO“3 
rpm/day. This decay tends to reduce the net spin 
rate increase and is subtracted as a correction to 
the calculated value of angular acceleration. 

Thruster Gimbal System 

Each ion thruster is mounted on two indepen- 
dently controlled gimbal actuators to allow vector- 
ing of the thruster. One gimbal drive (shown in 
fig. 8) vectors the thrust angle an shown in figure 7 
and varies the magnitude and sign of the spacecraft 
angular acceleration. The other gimbal drive varies 
the thrust vector in the cross direction. This ginr- 
bal is normally positioned in the center position, 
but even if it were not, Its position would have a 
small effect on the average angular acceleration. 

No telemetry readout of gimbal position is provided. 


Position is determined or set by comandlng to 
either Unit of travel and then timing the travel 
back to the desired position. Additional details 
of the gimbal system may be found in reference 8. 

During gimbal operutlon In the first quarter of 
1979, anomalous gimbal movement occurred. The mo- 
tion appeared normal in the direction to increase 0 
(us shown in fig. 7), but motion in the opposite di- 
rection appeared to be retarded. Tills motion was 
deduced by analysis of the data from spacecraft 
rpinup by the ion thruster. The calculated angular 
acceleration aquation above haB two unknowns, thrust 
magnitude and gimbal position. By driving the glo- 
bal in the full positive 0 direction, (run 10, 
Table 1) its position was known and the measured 
angular acceleration was used to calculate thrust. 
The thrust value so measured was in exact agreement 
with tha thrust values calculated from electrical 
measurements and also those thrust values measured 
in 1970. For other gimbal positions, the thrust 
value was assumed constant and the gimbal position 
was calculated. These calculated gimbal positions 
are listed in Table 1. A gimbal 9 position of 
i5.5° appeared to be tha limit of gimbal travel in 
the direction towards negative 9 values. If the 
gimbal travel had gone to negative 0 values, the 
ion thruster could have been used to despln (to avoid 
mechanical damage to solar array) the spacecraft in- 
stead of the cold gas system. 

Appendix B - Solar Array Description 

The SERT II solar array consits of 33,300 
(N on P) 2*2 cm solar cells. The solar ceils are 
12-mil-thick soldered cells, with o base resistivity 
of 1 to 3 ohm-centimeters. Solar cell coverslidcs 
are 20 mil fused silica. The performance data pre- 
sented here is derived from flight data on the 25,840 
cells that make up the "thruster" section of the so- 
lar array. The thruster section of the solar array 
is configured as 38 parallel connected sections of 2 
series connected panels each. The 76 panels (2*38) 
uacli consist of 68 series connected submodules. Each 
submodule Is made up of 5 parallel connected solar 
culls. Submodule construction, panel layout, and 
solar wing configuration is shown in figure 9. For 
reference, the electrical configuration of the 
SERT II solar array/power system is shown in fig- 
ure 10. 

Flight datu (array voltage, current, and tem- 
peratures) obtained during various load configura- 
tion has been reduced und normalized to a common 
baseline. Solar array characteristics for beginning 
of life (BOL) in 1970, and its status as observed in 
the first quarter of 1979 are presented in figure 6. 

In generating the data set to plot the present 
array characteristics the best probable sun angle 
wus assumed In each case. Typical sun angle uncer- 
tainty is ±5 degrees or about ±4 percent of the so- 
lar flux intensity. This gives a somewhat pessimis- 
tic result for calculated Bolar array parameters. 

The highest thruster array load observed during test- 
ing early in 1979 was 785 watts. ThiB is just below 
the predicted peak power of 814 watts. Additional 
testing will provide data to further refine the pre- 
sent array characteristics, however, the final re- 
sults are not likely to differ by more than a per- 
cent or two from the following findings: (see 

fifi. ID 
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Degradation of open circuit voltago 11. GJ 
Degradation of short circuic current 19. 5X 
Degradation of maximum power voltage 16. 8S 
Degradation of maximum power current 22. 93! 
Degradation of maximum power 35. 9Z 


Degradation of the maximum power point Is more than 
would be expected from the open-circuit voltage and 
short-circuit current degradation. This is because 
the "fill factor" or squareness of the I-V curve has 
decreased for the degraded array. 

The predicted power degradation was 40.5 per- 
cent for early in 1979. See figure 6 for a plot of 
the projected radiation degradation. Less degrada- 
tion than expected indicates no significant contam- 
ination has occurred from spacecraft sources includ- 
ing ion thruster operation. 

Solar array temperatures in 1979 are comparable 
to those observed in 1970, indicating the solar ar- 
ray optical and therwl properties have -cmained 
fairly constant. Six of the 90 solar panels carry 
temperature instrumentation. These panels are loca- 
ted symmetrically with three on each wing (see 
fig. 9). The temperature gradient observed along a 
solar array wing has been factored into the array 
characteristics presented. Typically, the inboard 
edge of the solar array wing is wanner than the out- 
board edge with the midsection temperature a little 
warmer than the average of the edge temperatures. 

The magnitude of the temperature gradient (edge to 
edge) 1 b a function of sun angle but is typically 
6° C (11° F) to 9° C (16° F), The effect of the 
nonuniform array temperature is that the cooler pan- 
els set the array open-circuit voltage. As power is 
drawn from the array the cooler panels (higher volt- 
age panels) provide current first. This results in 
a power mismatch due to unequal load sharing, that 
is, all panels do not reach their peak power opera- 
ting point simultaneously. The degradation data 
presented accounts for the effects of the nonuniform 
array temperatures. As nn example, the observed so- 
lar array open-circuit voltage was used in calcula- 
tions involving outboard panels only. For warmer 
inboard panels, the observed solar array open-cir- 
cuit voltage was adjusted (lowered) to account for 
the known temperature gradient. The solar array 
elcctrirul characteristics presented in figure 11 
represent array parameters adjusted to a uniform 
temperature. 

As noted earlier, the resistivity of the SERT II 
solar cell is nominally 2-ahm-cm. Many of the NASA 
solar arrays flown to dace UBe 10 ohra-cm resistivity 
cells. However, witli the higher power demands of 
future satellites use of the more efficient 2 ohm-cm 
(and lower) resistivity is planned. The baseline 
SEP uiray employs a 2 ohm-cm coll. With one excep- 
tion (Skylab) the SERT II solar array is the largest 
array flown by NASA. The SERT II array data pro- 
vides the future designer with a data point on how 
these cells perform over a long period (years) in 
space. Additional information on tho development 
and early flight performance of the SERT II solar 
array is covered in reference 9. 
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TABU 2. - mrottiAHCK Of FUCKT TUIUSTEK 2 



Main vaporizer 
heater 

mm 

HBOH 

81,63 

81.51 

Main cathode 

V3,v 

7.9 

heater 

13 , « 

1.54 

Main discharge 

V4,v 

42.2 


14, « 

0.7 

Beam voltage 

V5,v 

d 3490 

Beam current 

tS f n 

d 0.088 

Accelerator 

y6»v 

•Ll 7 30 

grid 

15..A 

1.1 

Neutralizer 

heater 

V7,v 
17, » 


Neutraliser 

Vfl.v 

27.8 

keeper 

IS, a 

d 0.215 

Spacecraft 

V 

-17 

voltage 

Neutralizer 

□ 

0.007 

emission 



Hnln cathode 

V10.V 

20.4 

keeper 

V10,(l 

>>0.272 

Solar array 

V 

68 

voltage 




^Vnluc changing in response to control signal. 

110 value estimated iron V10 value and power supply renponno characteristic curve. 
^Values due to dlffurcnt sot points. 

^Difference in values due to different solar array voltages input to power processor. 
Data unavailable. 

plantar power lower due to higher thermal background. 

'Value estimated from V5. 











































































TABLE 3. - REPRESENTATIVE HEATER VALUES 6 ANO CATHODE STARTINC TIN'ES 


Thruster 

Start 

au&feer 

Data 

Main vaporizer 

n 

Main 

cathode 

N' utralixer 

cathode 

Cathode start tine 

Total 

Neutralizer 



1H 

■H 





■H 


■■ 




mm 


■i 






cathode , 

reservoir 




Rtf 

| V2, 

V2/I2, 

mm 

1 VJ. 

1 V3/I3. 


V7. 

V7/I7 

Ncutr«.l!>er 

Hsln 

on 

temperature , 




H 

J 

u 

fl 


1 

R 




Ma 

n 

0 

CQttKUle, 

cathode , 

tioo, 11 

°C 




■ 


■ 


1 


■ 


1 




Hr 


■ 





oln 

nln 

hr 




i 

i 

12/9/69 

e 


<«) 

(a) 

2. 

80 

B9 

>5 

.3 

2. 

76 


<»» 

8 5 

0.3 


(a) 


mm 

12/28/69 

E 

0 

(«) 

(a) 

2. 

92 

ns 


.4 

2. 

79 

w 

B 

I 

m 

6.2 

.4 


(a) 



2/14/70 

2. 

81 


74 

0 

98 

2. 

88 

15 

.7 

5 

.5 

2. 

3 

10 

.3 

I 

S 


.3 

0 

(a) 


1. 

3/B/70 

2. 

89 

<«> 

(a) 



15 

.3 

5 

,3 



10 

.6 

1 

m 


.3 

508 

83 


j 

5/21/70 

<*) 

2. 

67 

{«) 



15 



.3 



10 

.8 

1 

S 


.7 

2283 


78 


14 

10/26/70 

2. 

89 

2* 

60 


31 



14 

.1 

4 

.9 



10 

.a 

3 

7 

■ 

b 4.4 

3794 

47 


20 

2/11/71 

2. 

89 

2. 

67 


93 



15 

.7 

5 

.5 



10 


E 

m 

E 

.3 

3855 

83 


32 

1/21/72 

<*> 

(a) 

(a) 



15 

.7 

5 

.5 

2. 

79 

10 


E 


E " 


3868 

29 


33 

5/25/73 

2* 

81 

2. 

74 


97 

2. 

82 

15 

.3 

5 

.4 

2. 

90 

10 

9 

E 

m 


b 6.4 

3869 

(a) 


145 

8/19/74 

2. 

89 




95 



15 

.3 

5 

. 4 



-9. B 

3 

7 


7.4 

3E85 
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10/9/74 

2* 

81 




98 



15 

. 7 

5 

.6 



10 

.3 

3 

6 
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3889 




157 
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E 

□ 

5 

.4 



10 

.6 

3 

7 

E 

3.8 

3890 




160 

9/15/76 

2. 

09 

2. 

10 

1 

00 



E 

9 

5 

*2 








3.0 

3891 
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12/14/76 

2* 

70 

2. 

74 

1 

01 

2. 

88 

15 

.7 

5 

.5 







E 

7.2 

3894 




172 

7/2 V 77 

2. 

79 

2* 

74 


98 

2. 

82 

(a) 

(a) 







E 

7.5 

3896 




176 

11/22/77 

2. 

89 

2. 

74 


95 

2. 

82 

14 

.9 

5 

.3 







5.8 

3.1 

3897 




177 

7/14/78 



2.67 


92 

2.88 



5 

.2 



10 

3 

3. 

6 

6.5 

2.9 

3898 
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7/14/78 



2. 

74 


95 

2. 

B8 



5 

.2 



to 

6 

3 

7 

5.1 

1.5 

3898 
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1/17/79 



2.67 


92 

2. 

32 



5 

.3 



10 

3 

3. 

6 

4.8 

1.0 

3904 
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3/12/79 



2.67 


92 

2.82 

14 

.5 

5 

.2 



10 

.3 

3 

6 

4.6 
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5/22/79 



2.67 


92 

2.88 

14 

.9 

5 

.2 



10 

3 

3. 

6 

■ 





2 

m 

11/29/69 


I! 

■ 

(a) 

(Ml 

2. 

78 

>15 


>5 

.4 

2.94 

(«) 

(O) 


1.0 

— 

(a) 


KB 

12/21/60 



(o 

> 

(a) 

2. 

77 

16.0 

5 

.8 

*• 

86 

(a) 

(a) 

■a 1 

1.0 

— 

(a) 



2/11/70 


!! 

2.77 


m 

2.86 

16 

.0 

5 

6 

2. 

97 

10 

2 

3* 

4 

KH 

.4 

0 

97 


IS 

7/24/70 

2. 

97 



9 

2. 

B6 

16 

.0 





10 

2 


4 

Es B 

.9 

38 

97 



9/2/70 




| 


■ 

2.81 

15 

.6 





10 

4 

3. 

5 

KB 

.9 

934 

65 


53 

11/13/70 




1 


■ 

2.81 

15 

6 









2.8 

.9 

2094 

69 


67 

2/26/71 





IS 

2.86 

16.0 









2.7 

.4 
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115 


lb 

1/21/72 

c«> 

(a) 

(a) 

2.86 

16 
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5.3 

(a) 

2149 

33 


mm 

7/17/73 

2. 

97 

2.70 

.91 

2.81 

16.0 

5 
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mam 

b B,2 

2162 
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E9 

8/19/74 









15 

6 

5 

.6 







1 

10.5 

2166 

4J 
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9/12/74 















to 

2 

3. 

4 


22.5 

2169 

40 
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10/2/74 















10 

2 

3. 

4 

6.8 

12.7 

2175 

35 


215 

12/4/75 















10 

4 

3. 

5 


29.3 

2177 

37 


216 

9/22/76 







2.86 

15 

0 

s 

3 

2,92 

10 

2 

3. 



b «I.O 

2178 

30 
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11/29/77 









15 

4 

5 

4 



10 

0 

3. 



2.1 

2279 

33 


219 

1/22/79 









15 

6 

5 

3 



to 

i 

3. 

5 


2.0 

2342 

62 


226 










14 

8 

5 

0 



10 

4 

3. 

6 

3.8 

1.8 

2757 

62 


230 




2.63 


69 


J 

14 

X 

4 

8 



10 

2 

3. 

5 

3.2 

6.7 

2881 

97 


|*Datn not taken or unavailable* 

NO preheat used* 

^Quan tiring am! calibration error* *31. root'-suar square. 

Includes hcatlnft tine It apace only; ground time* thruster 1-83 hr, thrustet 2-91 hr. 
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la) SPACECRAFT IN OR BIT, (ARTIST S CONCEPTION). 
Figure 1.- SFRTH spacecraft. 




Figure 2 . - SFRTIEIon Thruster. 
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SILICON SOLAR CELLS AS A FUNCTION OF TIME IN 
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Figure 6. - SERT II operational history. 






Figure 6. - Concluded. 
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Figure 7. * SERT II spacecraft showing ion thruster gimbal angle. 




♦ PANELS HAVE ♦ OUTPUT WIRED TO ♦ POWER CONDITIONER INPUT 
- PANELS HAVE - OUTPUT WIRID TO POWER CONDITIONER WPUT 
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(c) SUBMODULE ASSEMBLY. 
Figure 9. - SERT II array configuration. 










ARRAY CHARACTERISTICS NORMALIZED TO: 
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AVG. ARRAY TEMP. 59° C (138° El 
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Figure 11. - SERT II solar array IV curves 1970, 1979. 



